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New Technique for Aortic Valve Functional
Annulus Reshaping Using a Handmade
Prosthetic Ring
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Giovanni Ruvolo, MD
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Background. Despite a wide development in aortic
leaflets repair techniques, aortic valve annuloplastic pro-
cedures are still poorly investigated. We present our
aortic valve annuloplastic system consisting of a hand-
made prosthetic ring with 2 components for reshaping
the aortic annulus and sinotubular junction (STJ) and
illustrates our surgical approach and clinical results.

Methods. Since February 2003, 45 patients with aortic
alve regurgitation underwent aortic annuloplasty using
he new ring. Mean patient age was 58 � 16 years (range,

46 to 76 years). The ring has 2 components: a circular ring
used to undersize the circumference of the aortoventricu-
lar junction and 3-crown-like shape ring used for STJ
remodeling. The circular ring was sutured into the left
ventricular outflow tract in the aortic subvalvular posi-
tion and the STJ ring was sutured from the outside of the

aortic root just at the level of the STJ. The 3 vertical bands
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of the STJ ring were fixed to the underlying circular ring
to stabilize the continuity between the STJ and nadir of
the aortic valve.

Results. No in-hospital death occurred. Two patients
had residual trivial aortic valve regurgitation postopera-
tively, and 3 patients required treatment for residual
aortic regurgitation (more than mild). Mean length of the
coaptation surface was 10 � 2 mm. The mean clinical
follow-up (100% complete) was 22 � 16 months. All
patients were free from cardiac and valve-related events,
and no complications due to ring implantation occurred.

Conclusions. This ring reshapes the functional aortic
annulus and stabilizes all components of the native
aortic valve stent to improve long-term results of valve
repair.

(Ann Thorac Surg 2011;91:1154–8)

© 2011 by The Society of Thoracic Surgeons
Nowadays, aortic valve repair (AVR) has evolved into
an accepted treatment for patients with aortic re-

urgitation (AR). Recently, the results of AVR have
ramatically improved, encouraging a wide interest and
ractice in aortic valve reconstruction [1–9]. This is due to

essons learned from mitral valve reconstructive opera-
ions when concomitant treatment of the leaflets diseases
nd annulus reshaping by a prosthetic ring emerged as
ptimal surgical choice with excellent long-term results.
oreover, annulus reshaping emerged as a fundamental

tep in mitral valve repair because it stabilizes the valve
epair, improves the coaptation surface of the leaflets,
nd decreases closing stress, leading to better outcomes.
o, in our opinion, the same concepts must be transferred

o the AVR.
Understanding the mechanisms of aortic valve dys-

unction and the etiology of lesions has greatly aided
urgeons in techniques development. Several surgical
echniques have been described to correct AR, according
o the mechanisms of cusps dysfunction. Aortic cusp
rolapse has been corrected by techniques attempting to
horten the free margin. The most commonly described
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echniques are plication, triangular resection, free mar-
in resuspension using a Gore-Tex suture (W. L. Gore
nd Associates, Flagstaff, AZ), and our approach, previ-
usly described, the chordae technique [10]. Aortic cusp
issue defect has been corrected by leaflets extension
sing a pericardial patch. Long-term results for these
ifferent operative techniques have been reported [4, 5,
–11].
On the other hand, few techniques have been de-

cribed for aortic valve annuloplasty. Subcommissural-
lasty was initially described by Duran and colleagues

12] and was widely used to reduce the circumference of
he aortic annulus. Today, it represents the first surgical
hoice in aortic valve annuloplasty. In patients who
nderwent aortic cusp repair and valve-sparing reim-
lantation procedure, the aortic valve annulus was stabi-

ized by a Dacron (DuPont, Wilmington, DE) graft.
ansac and colleagues [13], who performed valve-sparing
emodeling technique, introduced the use of an external
xpansible subvalvular prosthetic aortic ring to stabilize
he valve annulus. Recently, these authors introduced a
ew prosthetic ring (CoroNéo Inc, Montréal, Quebec,

Dr Fattouch discloses that he has a financial relation-
ship with the Aortic Annuloplastic System.
0003-4975/$36.00
doi:10.1016/j.athoracsur.2010.12.050

mailto:khalilfattouch@hotmail.com


t
b
a
s
i
r

G

L

C

A
L
A

1155Ann Thorac Surg FATTOUCH ET AL
2011;91:1154–8 HANDMADE RING FOR AV ANNULUS RESHAPING

A
D

U
LT

C
A

R
D

IA
C

Canada) composed of 2 components for the treatment of
both dilatation of the aortic valve annulus and of the
sinotubular junction (STJ) [14].

We present a new approach to reshaping the func-
ional aortic annulus and to stabilizing the continuity
etween the STJ and the nadir of the aortic valve (the
ortoventricular junction). To achieve our goals, we de-
igned a new prosthetic ring, and in the present study
llustrate our surgical approach and describe our clinical
esults.

Material and Methods

Patients
Since February 2003, 196 patients with AR have under-
gone AVR in our institutions, among whom we used our
aortic valve annuloplasty approach in 45 patients. Exclu-
sion criteria were patients with dilatation of the aortic
root or the ascending aorta exceeding 4.5 cm, or both, and
those with poor aortic wall quality who underwent aortic
valve-sparing reimplantation or an ascending aorta re-
placement procedure.

Demographics and preoperative clinical characteristics
of this cohort of patients are reported in Table 1. Patients
were a mean age of 58 � 16 years (range, 46 to 76 years).
All patients underwent preoperative and postoperative
transthoracic echocardiographic (TTE) examinations and
intraoperative transesophageal echocardiographic con-
trols. TTE was used preoperatively to measure the diam-
eter of the aortic annulus, the Valsalva sinuses, the STJ,
and the ascending aorta. The severity of the AR was

Table 1. Patients Characteristics

Variable No. or Mean � SD

Patients 45
Age, years 58 � 16
Sex

Male 32
Female 13

Mean LVEF 0.52 � 0.10
NYHA grade

I and II 19
III and IV 26
rade of AR
III 5
IV 40

eaflets procedure
Plication 25
Free-edge reinforcement 10
Chordae techniquea 10

oncomitant procedure
CABG 2
Mitral valve repair 1

a Our approach to treat cusp prolapse [10].

R � aortic regurgitation; CABG � coronary artery bypass grafting;

VEF � left ventricular ejection fraction; NYHA � New York Heart
ssociation functional class; SD � standard deviation.
evaluated semiquantitatively. The grade of AR was clas-
sified into mild (grade I), moderate (grade II), moderate-
to-severe (grade III), and severe (grade IV). Each patient
signed an informed consent form. The study was ap-
proved by the Institutional Review Board of our
University.

Components of the Aortic Annuloplasty System
The new ring is has 2 components. The first is a circular
ring used to undersize the circumference of the aortic
valve nadir (the aortoventricular junction; Fig 1A). The
second is a 3 crown-like shaped ring used for the STJ
remodeling (Fig 1B). The circular ring was constructed by
the Simplici-T band (Medtronic, Minneapolis, MN). A
Dacron graft (InterVascular Inc, Montvale, NJ) was scal-
loped to construct the ring for the STJ.

Surgical Technique
Our systematic approach to the aortic valve has been
described in previous reports [10]. Cusp prolapse was
treated by plication, free-edge reinforcement, or “the
chordae technique.” The plication technique was per-
formed using a 6-0 Prolene suture (Ethicon Inc, Ham-
burg, Germany) placed in the central zone of the free
margin of the cusp and extended perpendicularly from
the free margin, about 5 mm through the belly of the
leaflet to decrease cusp distension. The free edge rein-
forcement technique was performed using a CV-6 or
CV-7 Gore-Tex suture passed in running fashion over
and over, along the entire length of the free margin. Free
margin shortening was obtained by applying tension on
both Gore-Tex suture arms, which were locked at the
level of the commissures when appropriate correction
was reached.

All patients underwent aortic valve annuloplasty using
our new approach. The circular ring was fixed into the
left ventricular outflow tract just below the aortic valve
nadir (the aortoventricular junction; Fig 2) and the 3
crown-like shaped ring was sutured to the STJ from the
outside of the aortic root (Fig 3).

The circular ring was fixed into the left ventricular
outflow tract in the subvalvular position. Ti-Cron 2-0 U
stitches (Coviden, Mansfield, MA) were placed first on

Fig 1. (A) Circular ring for subvalvular aortic annuloplasty:
(1) the commissural zone and (2) the intercommissural zone.
(B) The 3 crown-like shaped ring for the sinotubular junction
annuloplasty.
the prosthetic ring from inside to outside and subse-
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quently under the aortic leaflets like in the David proce-
dure from inside to outside. Ti-Cron sutures were placed
under the entire circumference of the aortic valve, except
for the interleaflet triangles (Fig 4A). In this way, the
interleaflet triangles were above the suture line and
remained free to move during the cardiac cycle, reducing
leaflets stress (Fig 4B). Under the coronaries ostia, the
Ti-Cron U stitches were placed through the aortic annu-
lus from the ventricular side to the aortic side (as in valve
replacement); in this way, we avoided the coronaries
ostia mobilization that leads to easier and faster tech-
nique (Fig 4A).

The STJ ring was sutured from outside of the aortic
root just at the level of the STJ using 4-0 Prolene sutures.
The ring was sutured to the aortic wall using an over-
and-over running suture technique or by interrupted
sutures. At the end of the procedure, the 3 vertical bands
of the STJ ring were fixed to the underlying circular ring
to stabilize the continuity between the STJ and the nadir
of the aortic valve. The length of the 3 arms coming down
was determined at the end of the procedure and was
selected according to the distance between the STJ ring
and the circular aortic ring. We took care to make the
length of the arms not too short but slightly longer, to
leave place for the root distension during cardiac cycle.
The role of the 3 arms was to stabilize the distance
between the aortic ring and the STJ ring and to avoid
future upward displacement of the STJ in cases of as-
cending aorta or aortic root dilation.

Sizing Method
In all patients, the size (diameter) of the prosthetic
circular ring was calculated according to the height of the
leaflet measured from the Noduli of Arantius to the base
of the cusp (Fig 5). The 3 leaflets were considered as
the 3 triangles that cover the entire surface of a circle (the
ring). Moreover, it must be left about 8 mm from the free
margin of each cusp into the coaptation surface. We
preferred to select the diameter of the ring according to
the height of the smallest cusp because in this way we
have the security of obtaining a good coaptation between

Fig 2. The circular ring is sutured into the left ventricular outflow
tract just under the aortic valve cusps.
all cusps.
The circular ring size must be calculated following the
current formula Radius (r) of the ring � height of the
cusp – 8 mm.

The ring diameter used in our series was between 20
and 22 mm. The surface of the ring was between 3.14 and
3.8 cm2 (diameter of the ring � 2r; surface of the ring �
�r2).

The size of the STJ ring was calculated by the diameter
f the native STJ plus 3 to 4 mm. We used the Hegar sizer
o measure exactly the diameter between the tips of the 3
ommissures, taking the aortic valve in the closing posi-
ion, and we added the thickness of the aortic wall. In our
pproach, the STJ ring is used to stabilize the STJ to avoid
uture dilatation. Accuracy must be taken to avoid the
se of an undersized STJ ring because it leads to inward
isplacement of the commissures that may lead to cusps
rolapse.

Results

Aortic valve annuloplasty with the new ring was success-
ful in all patients. Cusp repair included plication in 25
patients, free edge reinforcement in 10, and “the chordae
technique” in 10. Associated cardiac procedures included
mitral valve repair in 1 patient and coronary artery
bypass grafting in 2 patients. The mean cardiopulmonary
bypass time was 118 � 35 minutes (range, 85 to 177
minutes) and aortic cross-clamp time was 95 � 26 min-
utes (range, 68 to 155). Intraoperatively, 2 patients had
residual trivial AR. A second pump run was needed in 3
patients and residual AR (more than mild) was elimi-
nated; recurrent AR was due to residual cups prolapse in
the 3 patients.

No in-hospital death occurred. The mean postopera-
tive hospital stay was 8 � 2 days. At hospital discharge,
the TTE control showed a trivial residual central AR in 2
patients. Mean length of the coaptation surface was 10 �
2 mm. In all patients this approach was feasible, easy,
and safe.

Fig 3. The sinotubular junction ring is sutured from outside the as-
cending aorta at the level of the sinotubular junction. The 3 vertical
arms of the sinotubular junction ring were fixed to the underlying
circular ring to stabilize the continuity between the 2 structures and

to reshape the functional annulus.
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Follow-up was completed in all patients. The mean
clinical follow-up time was 22 � 16 months (range, 4 to 42

onths). All patients were alive at follow-up and were in
ew York Heart Association functional class II or lower.
he TTE control was performed in all patients and
howed 4 (9%) with trivial to mild AR. No aortic valve
tenosis occurred, and no dehiscence of the ring compo-
ents was observed. No patient needed reoperation and
ll were free from cardiac and valve-related events.

Comment

In the last decade, due to a better understanding of the
surgical anatomy of the aortic valve, underlying dysfunc-
tion mechanisms, functional classification of AR, and
improvement in operative techniques, AVR is now con-
sidered as a good surgical approach for patients with
aortic valve insufficiency. Several authors showed an
improvement of long-term surgical results for the aortic
cusps repair [1–10].

The aortic valve annuloplasty was often performed by
subcommissural plasty using Ti-Cron 2-0 suture rein-
forced with Teflon (DuPont) or pericardial pledgets
placed at the base of the interleaflets triangle. The cir-
cumference of the aortic valve was reduced, and the
surface of leaflets coaptation improved. In our opinion,
the controversies about this type of annuloplasty
emerged from several considerations:

First, subcommissural annuloplasty is focused only on

Fig 5. The arrow illustrates the high of the cusp measured to calcu-

late the circular ring diameter.
treating one component of the aortic annulus (the nadir
or aortoventricular junction), leaving the second compo-
nent (the STJ) untreated. We already know that the aortic
valve annulus does not have a circular bidimensional
shape; it is a complex tridimensional structure composed
by the nadir of the aortic leaflets, by the commissures,
and by the STJ. The STJ joins together the apex of the 3
commissures and its dilatation lead to outward displace-
ment of the commissures causing AR. Conceptually, this
is important because while doing an aortic annuloplasty
we must be concerned with all components of the native
annulus structure (the functional aortic annulus) and not
only the aortoventricular junction. So, any type of aortic
valve prosthetic ring must concern all components of the
functional aortic annulus.

Second, using the subcommisural plasty technique, we
are not able to decide the exact amount of the annulus
diameter reduction. We just include and fix the commis-
sures by the sutures, meanwhile, their movements are
fundamental to preserve valve motion and reduce the
stress on the aortic leaflets. Moreover, some authors
found the failure of the subcommissural plasty specifi-
cally in patients with AR and a dilated left ventricle [11].

Actually, the Lansac ring [14] appears helpful, but
more clinical results are needed to clarify the long-term
efficacy. The aortic annuloplasty technique described by
these authors consists in the application of the prosthetic
ring at the level of the aortoventricular junction from
outside the aortic root in a subvalvular position. This
procedure may have some technical difficulty and fail to
reach the annulus-reshaping concept. This technique
needs mobilization of the coronaries ostia that add risk to
the standard procedure. On the other hand, the aortic
annulus plan is limited from the outside by anatomic
structures, such as the right ventricular outflow tract and
the pulmonary artery that leads to a difficulty in applica-
tion of a prosthetic ring just in the subvalvular position.
Sometimes, it may result in shrinking the annulus from
outside instead of reshaping it.

The advantage of our approach is given by the easy
technique in suturing the ring in subvalvular position.
The suture line is placed under the aortic leaflets into the
left ventricular outflow tract from inside to outside. This
leads to an accurate suturing technique with a correct
geometric undersizing of the aortic orifice without any
interaction with the cusps motion. The commissures and

Fig 4. (A) The suture lines of the circular ring
are above the nadir of the aortic valve. (B)
The commissures and the interleaflets triangle
are not included by the suture line. The 3
commissures are free to move during the car-
diac cycle.
the interleaflets triangle are above the suture line and are
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free to move during the cardiac cycle, reducing the stress
on the leaflets. Moreover, there are no anatomic limita-
tions to the ring insertion within the left ventricular
outflow tract, and the coronaries ostia are still untouched.

The STJ ring suturing technique is very easy and was
performed by a running suture using 4-0 Prolene or by
interrupted sutures. At the end of the procedure, the 3
bands of the ring must be sutured and fixed to the
underlying circular ring. In this manner we stabilize the
continuity between the STJ and the nadir of the aortic
valve and we reshape completely the functional aortic
annulus. The sizing technique of the ring is easy and was
efficient in all cases.

We performed our approach for aortic annuloplasty in
45 patients in combination with cusps treatment. When
the procedure was completed, the leaflets coaptation was
high, and valve competency was easily determined by
transesophageal echocardiographic examination. No re-
strictive leaflet motion or aortic valve stenosis were
observed intraoperatively or at follow-up. Trivial to mild
AR occurred in only 4 patients (9%). Although valve
competency and leaflets motion are satisfactory in the
immediate and medium-term, further experience and
long-term follow-up are need to evaluate the durability
and efficacy of this technique. In our opinion, this tech-
nique is easy, safe, and reproducible.

The authors thank Dr Gaetano Vitale and Dr Sebastiano
Castrovinci for their assistance in photo editing.
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